We demonstrated that the radiofrequency (RF) receptionˆeld is proportional to B 1 -* straightforwardly in magnetic resonance (MR) imaging experiments at 4.7T. We compared maps of the receptionˆeld and the B 1 -of a saline phantom in magnitude and phase. First, we measured the image using an adiabatic spin echo (ASE) sequence with homogeneous excitation. That image corresponds to a map of the receptionˆeld. Next, we rotated the RF coil with the sample 1809around the vertical axis to measure the map of the transmission eld that corresponded to B 1 -in the original conˆguration. The magnitude of the distributionˆelds of the receptionˆeld and B 1 -maps was almost identical. Examining the phases of the ASE images in the original and inverted conˆgurations, we observed almost the same distribution in both phase maps, which indicated the proportionality of the receptionˆeld to B 1 -* .
Introduction
Highˆeld magnetic resonance (MR) imaging can provide highly resolved images and spectra with high sensitivity and contrast. However, at higĥ elds, the inhomogeneous distribution of radiofrequency (RF) inside a dielectric sample, such as the human body, can yield images that are not uniform. To overcome this problem, RF technologies, such as multi-transmit array coils, have been developed along with an understanding the behavior of RF waves inside a dielectric sample.
One of importantˆndings from these developments has been that transmission and reception elds diŠer even when a transceiver RF coil is used. 1, 2 According to Hoult's analytical examination using small search coils, 2 when the transmissionˆeld component is B 1 ＋ rotating in the same direction as nuclear spin precession, the induced voltage on the coil is proportional to B 1 ＋ B 1 -* at a low ‰ip angle, in which B 1 -is an opposite component in the rotating frame and * denotes a complex conjugate. The RF receptionˆeld is known to be proportional to B 1 -* . However, maps of B 1 -* was not measurable experimentally and that proportionality was not able to be demonstrated straightforwardly in MR imaging experiments.
Collins' group 3 compared measured and computed images at 7T to demonstrate this phenomenon graphically and showed the magnitude distribution to be similar between those images. Although their results revealed the proportionality of the reception eld in magnitude mode, the proportionality to B 1 -* has not been demonstrated experimentally in a complex vector space.
In this study, we investigated this relationship in a complex vector space in MR imaging experiments at 4.7T. We measured the receptionˆeld map using an adiabatic spin echo (ASE) sequence with homogeneous excitation and the map of B 1 -using the object rotation method that allowed measurement of B 1 -using the inverted static magneticˆeld B 0 . 4 We then examined the magnitude and phase distribution patterns of those maps. set at B 0 parallel to the z-axis (Fig. 1b) . The direction of the transmissionˆeld is also inverted, and B 1 -is utilized as the transmissionˆeld component when B 0 is oriented anti-parallel to the z-axis in the inverted conˆguration (Fig. 1c) . B 1 -can then be measured experimentally. It should be noted that the phase direction of the nuclear magnetic resonance (NMR) signal in the inverted conˆguration is opposite that in the original conˆguration (Fig. 1b,  c) .
Material and Methods
We performed phantom experiments using a 4.7T whole-body MR imaging system (Agilent, Palo Alto, CA, USA) with a single-channel (``linear'') volume transverse electromagnetic (TEM) coil of 300-mm diameter for both transmission and reception and a spherical phantom of 130-mm diameter of saline doped with copper sulfate set in the RF coil.
We measured transmissionˆeld maps of a transaxial plane (x-y plane in Fig. 1 ) using a phase method, in which we acquired a set of 2 spin echo (SE) images employing hyperbolic secant (HS) pulses for both excitation and refocusing on the same plane. 5 A transmissionˆeld map can be calculated from the phase diŠerence map between 2 images when a frequency sweep of those pulses is applied in the opposite direction in the 2 acquisitions and the duration of p/2 pulse is twice that of the p pulse. 5 We utilized sequence conditions previously reported 6 : repetition time (TR)/echo time (TE), 500 ms/30 ms; slice thickness, 2.5 mm; duration of p/2 and p pulse, 12 ms/6 ms; bandwidth of both pulses, 1.6 kHz; number of acquisitions, 2; matrix size, 256×128; measurement time, 4 minutes per set of 2 SE images.
For receptionˆeld mapping, we obtained images using an ASE sequence, in which SE signals were refocused by a p/2 adiabatic half-passage (AHP) pulse followed by a pair of p HS pulses along with slice gradients for a 2-dimensional (2D) slice selection of 2.5-mm thickness. The sequence conditions were: TR/TE, 3000 ms/35 ms; duration of p/2 and p pulses, 4 ms/12 ms; and bandwidth of p pulse, 0.8 kHz. We considered the magnitude of this ASE image obtained with homogeneous excitation to be the receptionˆeld map.
We also measured transmission and reception eld maps after rotating the object 1809around the vertical axis (i. e., y-axis in Fig. 1 ) to achieve an inverted conˆguration and measured phase maps of the ASE images in both conˆgurations. When such rotation is achieved by inverting the object, images obtained must be ‰ipped horizontally. Figure 2 shows maps of the transmission and receptionˆelds in the original and inverted conˆgu-rations. Signal intensities in each map are normalized by the averaged value in the central region. In both conˆgurations, the maps diŠer in distribution and show mirror symmetry about the axis that passes through the feeding port on the RF coil. The pattern of distribution of the receptionˆeld map in the original conˆguration is typical, with lower signal intensities in the areas at the right and left and higher signal intensities in the upper and lower areas. The transmissionˆeld map in the inverted conˆguration that corresponds to a B 1 -map has almost the same distribution pattern. Figure 3 shows a map of the diŠerence between the maps of the reception and transmissionˆelds and a histogram of that map. Though higher and lower intensities remain around the periphery, about 70z of the data diŠer less than 10z. These results of similar distribution patterns and the quantitative analysis show the proportionality of the receptionˆeld to`B 1 -`i n magnitude mode. The ASE image consists of 2 kinds of phases that of the transmissionˆeld by the p/2 pulse and that of the receptionˆeld (see Discussion, where factors aŠecting the phases were considered). When B 1reception is parallel to the complex conjugate of B 1 -, the phase in the original conˆguration should be (q ＋ -q -) and that of the inverted conˆguration should be -(q --q ＋ )＝(q ＋ -q -), where B 1reception is the receptionˆeld, q ＋ is the phase of B 1 ＋ and q -is that of B 1 -. The phases in both conˆgurations should be the same.
Results
In the measurements, we obtained almost identical phase patterns in the original and inverted congurations (Fig. 2) . The map in Fig. 3 shows the diŠerence between those phase maps and the histogram. All data lie within the range of -69to 289 . These results show that the receptionˆeld is parallel to B 1 -* .
Discussion
To demonstrate the proportionality of the RF receptionˆeld to B 1 -* , we measured the ASE image with homogeneous excitation using adiabatic pulses in the original conˆguration. This image corresponds to the receptionˆeld map. We also measured the transmissionˆeld map in an inverted conguration, in which B 1 -in the original conˆgura-tion is utilized in transmission. We observed similar typical distribution patterns and only small diŠer-ences between both normalized magnitude maps. These results suggest the magnitudes of the receptionˆeld and`B 1 -`t o be parallel. We then compared the phases of ASE images for both conˆgurations. To achieve homogeneous excitation, RF power in the AHP pulse is applied to meet the 909condition in the area of the weakest B 1 amplitude. Although excessive power is applied in other areas, the magnetization ‰ipped by the AHP pulse maintains almost the same position after reaching the x'-y' plane, and the phase change is small. A pair of HS pulses for refocusing cancels phases caused by the excessive power. Factors aŠecting the phases of the ASE images are the phase of transmissionˆeld caused by the p/2 pulse and the phase of the receptionˆeld. We observed almost identical distribution of both phase maps of the ASE images measured in both conˆgurations. This result shows the proportionality of B 1reception to B 1 -* in a complex vector space.
In conclusion, we could demonstrate the proportionality of the reception RFˆeld to B 1 -* in MR imaging experiments at 4.7T.
